Introduction
Prolonged and excessive ingestion of alcohol is frequently associated with myocardial damage resulting in alcoholic cardiomyopathy (Rubin, 1979; Katz et al. 1985; Diamond, 1989) . Although malnutrition, including protein and thiamine deficiency, in chronic alcoholics could be responsible for the injury to the heart, recent evidence has suggested that alcohol itself could be responsible for most cardiovascular disorders associated with alcohol abuse (Dancy et al. 1985; Diamond, 1989; Urbano-Marquez et al. 1989) . The mechanism by which alcohol affects the cardiovascular system is not yet fully understood.
Alcohol and its major metabolite, acetaldehyde, are known to perturb the lipid bilayer membrane, with resulting changes in ion movement across the membrane (Danny et al. 1985; Taraschi and Rubin, 1985; Messing et al. 1986; Garrett et al. 1987; Diamond, 1989; Urbano-Marquez et al. 1989; Vasdev et al. 1991) as well as to impair mitochondrial oxidative phosphorylation and mitochondrial respiration (Lange and Sobel, 1983) . These molecules can also alter membrane receptors and second messengers (French et al. 1975; Banerjee et al. 1978; Diamond et al. 1987; Saito et al. 1987; MochlyRosen et al. 1988; Tabakof f et al. 1988 ), all of which can disturb cellular and organ function.
In a previous study (Sufu, 1991) We therefore investigated in the present study whether or not chronic alcohol could induce alteration in the betaadrenergic receptor adenylate-cyclase system in the rat myocardium. 
Results
Effect of ethanol on body and heart weights ( Effects of ethanol on myocardial catecholam ines, beta-adrenergic receptor and cyclic-AMP (Table 2) The myocardial contents of norepinephrine and epinephrine were significantly increased in the ethanol rats as compared with the control rats. There was a significant reduction in the myocardial betaadrenergic receptor density (Bmax) in the ethanol rats, while the Kd value did not differ between the two groups. The myocardial level of cyclic-AMP was also decreased in the ethanol rats.
Discussion
The present study demonstrates that chronic ethanol treatment decreases myocardial beta-adrenergic receptor density and cyclic-AMP level in rats. The impaired beta -adrenergic receptor adenylate cyclase function was similar to that observed in humans with end-stage heart failure (Bristow et al. 1982) and could contribute to further deterioration of contractile function in alcoholic cardiomyopathy. We also observed increases in the myocardial epinephrine and norepinephrine levels in the ethanol-treated rats. This finding, which is consistent with the results of Adams and Hirst (1986) who reported that ethanol could induce sympathoadrenal activation, raises the possibility that the reduction in myocardial beta-adrenergic receptor density might be a compensatory down-regulation of the beta-adrenergic receptor system secondary to increased sympathetic stimulation. If the beta-adrenergic receptor number decreases in inverse proportion to the increased sympathetic stimulation, the f inal product of the beta-adrenergic receptor adenylate cyclase system, cyclic-AMP, should remain unchanged.
However in the present study, we observed a significant reduction in the myocardial cyclic-AMP level, suggesting that the decreased receptor number may not be solely explained by the increase in sympathetic activity.
The decreased density of myocardial beta-adrenergic receptors, observed in the present study, could therefore be ascribed, at least in part, to alcohol-induced injury. Adenylate-cyclase activity was also likely to be depressed by chronic ethanol, although the effects of ethanol on each component of the signal transduction system remain to be further investigated.
Previous investigators are of equivocal opinions on the effects of alcohol on the beta-adrenergic receptor system in various cell systems (French et al. 1975; Banerjee et al. 1978; Saito et al. 1987; Mochly-Rosen et al. 1988; Tabakoff et al. 1988; Diamond, 1989; Suf u, 1991 In the heart, the decreased beta-adrenergic receptor function could further compromise the contractile function of the myocardium and might contribute to the development of alcoholic cardiomyopathy.
Rapid reversal of the cardiac dysfunction of the alcoholic heart disease after discontinuation of ethanol drinking could also be partly explained by up-regulation of the beta-adrenergic receptors which has been reported to occur after alcohol withdrawal (Diamond et al. 1987 
